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INCOHERENT SCATTER

The last detailed acecount of progress on the measurement of iono-
spheric properties using incoherent backscatter was given in the paper,
"Observations of the equatorial ionosphere using incoherent backscat-
ter", by D. T. Farley, Jr., which was presented at the NATO Advanced
Study Institute on Electron Density Profiles in the Ionosphere and Ex-
osphere in Finse, Norway, during April, 1965. This paper was also sub-
mitted to NASA as a progress report covering the perlod January - March,
1965. During the perlod of the present report, two more sets of data,
each covering a period of roughly 48 consecutive hours, were taken. The
results obtalned were comparable to those discussed in the above paper
for the period 1 - 3 February, 1965.

With the increase in data output both from the Jicamarce incoherent
scattering studies and from satellite experiments, more comparisons of
the respective results are becoming possible. A considerable number of
comparisons of topside electron density profiles obtained from the top-
side sounder satellite and from Jicamarca have been made. These cover
an altltude range from about 300 kilometers to 1000 kilometers. The
latest comparisons show very good agreement. There is still a slight
discrepancy which apparently is caused by a small systematic error in the
topside sounding measurement which is not yet understood. The profiles
obtained by the topside sounder consistently show the peak of the F layer
to be 10 or 2C kilometers too low in altitude. Thils error is revealed
both by comparison with bottomside soundings and with profiles obtained
from incoherent scatter. Hopefully, continued comparisons with the Jica-
reg profiles will aid in discovering the source of the error.

The values of electron density and temperature obtained from Explorer
XXII agree well, for the most part, with the Jicamarca results. It ap-
pears, however, that there is an appreciable discrepancy between the val-
ues of daytime electron temperature at 1000 kilometers obtained with the

two technigues. The error most probably lies in the Jicamarca measurement.
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Only a small number of results are available from Jicamarca, and these
are prcobably not very accurate at altitudes as great as 1000 kilometers.
In fact, one of the major preoccupations at Jlcamarca during the
last two months has been the improvement of the temperature and ion
composition measurements. The latter quantities can be derived from the
auto-correlation function or the power spectrum of the incoherently
scattered signal. The latter 1s just the Fourler transform of the former,
‘and at Jicamarca it turns out to be muich more convenient to measure the
auto-correlation function. Up to the present, this measurement has been
plagued by small systematic variations in the transmitting and receiving
equipment which distort the results. These distortions make interpreta-
tion of the results particularly difficult at high altitudes, where mix-
tures of ions are present. When all of the systematic errors have been
eliminated, which should be in the near future, 1t will be possible to
make quite accurate measurements of the electron and lon temperatures
and the lonic compositlon to altitudes somewhat beyond 1000 km. When
this information becomes avallable, it should greatly improve our under-
standing of the equatorial ionosphere. We will be able to study the dy-
namic behavior of the density, temperature, and composition simultane-
ously. Because of the importance of this measurement, a large amount of
time has been devoted to it in recent months, and this has resulted in a

somewhat reduced rate of data taking.

STUDIES OF SCATTERING BY PLASMA WAVE IRREGULARITIES

The principal activity in this portion of the work has been the
study of field-aligned irregularities in the equatorial electrojet. Re-
cently NASA launched a series of rockets through the equatorial electro-
jet from the alreraft carrier Croatan off the coast of Peru. We obtained
radar echoes from the plasma wave irregularities in the electrojet at the
time of the rocket launchings. These records are now being analyzed.

The results, when combined with those from the rocket experiments,‘should
substantially improve our understanding of the irregularities.

DAYTIME SCINTILLATION

The scintillation of radio signals from discrete extraterrestrial
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sources is of course a familiar subject. In previous publications we
have reported cbservation of the very intense night time scintillations
which occur at the magnetic equator in conjunction with equatorial
spread-F.

Radio star observations have been made at Jicamarcg sporadically
ever since the antenna was first completed. It has almost always been
observed that the intense radio source Hydra-A scintillates, even dur-
ing the daylight hours. Brief measurements made during 1962 showed
that the rate of the daytime scintillations is from 10 to 20 per second,
or nearly a factor of ten faster than normally cbserved at other lati-
tudes. The daytime secintillations were difficult to explain on the basis
of known scintillation phenomena at other latitudes, andvthe subject was
dropped temporarily in favor of more pressing matters concerning the in-
coherent scatter experiment.

Recently observations have been reported from Cambridge and from
Arecibo showing that signals from radio sources of less than about 2
seconds of arc diameter scintillate at 200 Mc/s due to irregularities
in the interplanetary medium. This has been deduced because the dif-
fraction phenomenon 1s such that ionospheric irregularities should cause
scintillation of stars up to more than 10 minutes of arc in diameter. A
consistent argument has been offered to show that the observed scintilla-
tions could be caused by irregularities of 250 Km or about 1 Fresnel zone
in extent, at a distance of 1 A.U,, and drifting across the propagation
path at the solar wind velocity of about 300 Km/sec.

It appeared possible that the daytime Hydra-A scintillations might
be caused by large irregularities immersed in the boundary region of
the magnetopause. If there were irregularities in that region with a
scale size of about 20 Km, density fluctuations of about 10 per cc, and
if one assumed a magnetopause about 10,000 Km thick, scintillations sim-
ilar to those observed at Jicamarca with Hydra-A would be produced. An
experiment was conducted during the month of June to check this possi-
bility.

If the Hydra-A scintillations were caused by 20 Km lrregularities,
then their drift speed should be on the order of 10 Km/sec. If they

were causa2d by lonospheric irregularities, those lrregularities would be




-

about 1 Km in extent. If observations were made with spaced receiving
stations separated by some substantial fraction of 1 Km, lonospheric
irregularities should produce & measurable time delay separating the
scintillations observed at the two stations. No significant time delay
should appear at this distance for magnetospheric scintillations.

Phase switched interferometers were installed at the corners of the
main Jicamarca array with an east-west separation of about 400 meters.

In each case two 1/64 modules of the main array were used as the inter-
ferometer elements. Hydra-A scintlllations were recorded on several days
during the period 1600 to 1715 local time. Each of several cross corre-
lation analyses of sections of the records obtained on the two interfer-
ometers showed maximum correlation of about 50 percent at a time delay

of about 2 seconds. Autocorrelation analyses performed on the individual
records showed l/e correlation for time delays ranging from 1.5 to 5
seconds. On each day the intensity of scintillation varied from a large
level (+ 20% to + 50%) early during the recording, to a very small level
near the end of the pass of the star through the antenna pattern.

The delay associated with the cross correlation function indicates
that the irregularities were traveling with a horizontal velocity of
about 200 meters per second. The 50 percent meximum of the cross corre-
lation suggests that the scale of the irregularities, corresponding to
l/e spatial autocorrelation, 1s about 500 meters. Both measurements in-
dicate that the observed scintillations are of ionospheric origin. The
period during which the observations were made - 1600 to 1715 local time
- is the period during which the equatorilal electrojet is dying away ra-
pidly. Since the scintillations were also observed to be dying away dur-
ing this period, we offer the conjecture that the scintillations are in
fact being produced by irregularities in the E region and are generated
by the equatorial electrojet. Since the scintillation process at E region
heights and 50 Mc/s would favor irregularities having a scale of about
750 meters (1 Fresnel zone), the observed scale is in approximate agree-
ment with this conjecture. In view of this result, it will be desirable
to conduct observations of scintillating daytime signals from a beacon
satellite in order to determine the height of the irregularities more pre-
cisely (by relating the velocity of the drifting irregularities to the
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velocity of the satellite).

The Hydra-A scintillation observations do not preclude the possi-

bility that irregularities at the magnetopause might cause cbservable
scintillations. They do suggest that 1t will not be possible to make
such observations at Jlcamarca because any magnetopause effects would
be masked by the ionospheric scintillation.

The scattered energy assoclated with the observed scintillations
will be distributed over an angular spectrum of little more than 10

minutes of arc. If it can be assumed that the irregularities are mag-

netic field aligned, then this broadening should be greatest in the

east-west direction. Since the main Jicamarca antenna beam is about 1.1

degree wide, we conclude that the effect of the scintillations on the

coherent scatter measurements must be negligible.
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